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). This was confirmed by Shinkai 6500 167 manned submersible and YKDT deep-tow camera / dredge seafloor studies. Table S1 .1 in 168
Supporting Information S1 summarizes the position and lithologies encountered during these 169 dives ( and SE sectors. SEMFR relief is ruggedest in the SE sector near the trench, where it is intensely 175 faulted and affected by landsliding, with abundant talus slopes of fragmented basaltic lavas (Fig. 176 2A, C, D and Fig. S1 .5 to S1.8 in Supporting Information). The central SEMFR is less faulted, 177 with more outcrops and less talus, but still has many steep talus slopes and faulted lava flows 178 (Fig. S1 .9 -S1.10 in Supporting Information). The NW SEMFR, nearest the MGR, has gentler 179 relief, with better-preserved pillow lava outcrops (Fig. 2B, E and Fig. S1 .11 -S1.13 in Supporting 180 Information). We did not recover samples of Paleogene forearc crust in the SEMFR, although this 181 is common to the NE and west, indicating that SEMFR is floored by young, tectonized oceanic 182 crust. Our bottom observations along with the absence of parallel magnetic fabrics in the SEMFR 183 (Martinez et al., 2000) suggest that the SEMFR is no longer a site of active volcanism. 184
185
Toto caldera and part of the MGR near the NW limit of the SEMFR were studied during ROV 186
Kaiko Dives 163 and 164 (R/V Kairei cruise KR00-03 Leg 2, Fig. 1B) . Toto caldera, which may 187 be part of the immature magmatic arc, is mostly covered by talus of fresh lava fragments with a 188 whitish coating, perhaps bacteria or sulfur-rich precipitate (Supporting Information Glass beads were generated by melting 400 ± 5 mg of lithium metaborate (LiBO 4 ) flux with 100 218 ± 5 mg of ignited sample powder at 1050 o C for 10 min. Molten beads were dissolved in 5% nitric 219 acid to achieve a final dilution factor of ~ 4000 (Kelley et al., 2003) . Calibration curves for ICP-220 AES data yield r 2 ≥ 0.999, reproducibility of replicate analyses are ≤ 3% rsd for each element, 221 and major element oxides sum to 99 ± 1 wt%. Replicates of samples analyzed by ICP-AES and 222 XRF yield averaged reproducibility < 4% rsd for each element. Results are reported in Table 1.  223 For mineralogical chemistry analyses, polished thin sections were prepared for 16 samples. These 224 were analyzed using the Cameca SX-50 electron microprobe at University of Texas at El Paso. 225
Multiple point analyses give a mean value with 1σ precision ≤ 1 wt% for each selected mineral. 226 Four samples were dated by step-heating 40 Ar-39 Ar at the Geological Survey of Japan/AIST on a 228 VG Isotech VG3600 noble gas mass spectrometer fitted with a BALZERS electron multiplier. 229
Further details of procedures are reported in Supporting Information S2. 230 231
Results

232
5.1.Rock description: 233
Here we outline the principal petrographic and mineralogical features of igneous rocks sampled 234 from the SEMFR, Toto caldera and MGR. Method for sample description is reported in 235
Supporting Information S3 and detailed sample descriptions are in Supporting Information S4. 236 SEMFR lavas are mostly aphyric (< 1% phenocrysts) and sparsely phyric (1 -5% phenocrysts) 237 basalts and basaltic andesites, indicating eruption at near-liquidus temperatures. These are 238 microporphyritic pillows or massive flows, with thin, microcrystallite-rich glassy rims (1 -11mm 239 of fresh, translucent to dark brown glass), thin (≤ 1 mm) Mn coat, and negligible alteration (Fig.  240 3). Pillow lavas are vesicular despite being collected at ~ 6000 -3000 m, indicating that these 241 magmas contained significant volatiles. In contrast, basalt massive lava flows are more crystalline 242 and less vesicular. Embayed phenocrysts indicate disequilibrium, perhaps due to magma mixing. 243
Pillowed lavas sampled in the NW (YKDT-88) contain larger crystals (≥ 0.5 mm) of 244 clinopyroxene and olivine set in a finely microcrystalline olivine-rich groundmass (Fig. 3C) . 245
Similar olivine-rich lavas were not sampled elsewhere in the SEMFR. Diabase and fine-grained 246 gabbros were also recovered near the WSRB fault (Shinkai 6500 dive 1235; (Fig. 4B, C) ; and SEMFR plot along the FAB fractional trend 275 (Fig. 4C, D) . All lavas from the southernmost Marianas suggest fractionation controlled by 276 plagioclase, clinopyroxene ± olivine crystallization trend (Fig. 4C, F) . suggesting that these xenocrysts are samples of forearc mantle (Fig. 5C) (Fig. 7) , resulting from elements dissolved in fluids derived from the 337 subducting slab that are involved in magma genesis. Arc lavas have lower Na 8 and Ti 8 contents at 338 higher K 2 O/TiO 2 and Fe 8 content because they formed by high degrees of melting at greater 339 depths in the presence of slab-derived fluids. In contrast, BAB lavas have higher Na 8 and Ti 8 340 contents at lower K 2 O/TiO 2 and Fe 8 content, as they were generated at shallower depth by 341 adiabatic mantle decompression, with less involvement of slab-derived fluids. 342
To investigate SEMFR magmagenesis (i.e. whether SEMFR lavas were produced in a BAB-like 344 and / or in a arc-like magmagenetic settings), we calculated Na 8 , Ti 8 and Fe 8 contents for these 345 lavas. Plots of Al 2 O 3 , CaO and FeO* against MgO (Fig. 4D-F) show that the kinks in Al 2 O 3 and 346
CaO, indicating the beginning of plagioclase and clinopyroxene crystallization, are respectively 347 observed at MgO = 6 wt% and at MgO ~ 7 wt%. Therefore, data were filtered to exclude highly 348 fractionated samples with MgO < 7 wt% that crystallized olivine, clinopyroxene and plagioclase 349 on their LLD (Fig. 4D-F FABs; and they plot in the compositional overlap between Mariana arc lavas and the Mariana 358 BAB lavas, with homogeneous, low Na 8 and Ti 8 contents varying little with Fe 8 content (Fig. 7A  359 -B), suggesting a roughly constant degree and depth of mantle melting. These lavas were 360 produced by extensive melting (≥ 15%) of shallow mantle (~ 25 ± 6.6 km, see section 6.2). The 361 K 2 O/TiO 2 (proxy for the total subduction input; Shen & Forsyth, 1995) of SEMFR lavas is higher 362 that of FABs and plot between the arc -BAB compositional fields (Fig. 7C -D) , well above N-363
MORBs, further demonstrating a subduction component in SEMFR magma genesis. Only lavas 364 from YKDT-88, collected closest to the FNVC (Fig. 1B) , do not plot on the SEMFR 365 compositional field (Fig. 7A-C) , with lower Na 8 and Ti 8 at similar Fe 8 contents. Their Ti 8 and Na 8 366 values are lower than those of Mariana arc lavas (Fig. 7A-C have Fo-An relationships essentially indistinguishable from those of MORB and OIB (Fig. 8A) . 378 Accordingly, we can discriminate arc basalts from BABBs based on An and Fo contents of the 379 plagioclase -olivine assemblages. depth ~ 51 ± 6.6 km).and hotter mantle melting conditions (Kelley et al., 2010) . This leads to the 413 further deduction that SEMFR lavas formed by BABB-like seafloor spreading at 2.7 to 3.7 Ma. 414
6.3.Geodynamic evolution of the Southeastern Mariana Forearc Rift: 416
Investigations of the petrography and geochemistry of SEMFR lavas reveal that i) SEMFR lavas 417 are petrographically and compositionally similar to Mariana Trough BABBs; ii) SEMFR melts 418 interacted with the pre-existing forearc lithosphere and picked up some forearc mantle olivines, 419 indicating rapid ascent; iii) magmatic activity (2.7 -3.7 Ma) formed SEMFR oceanic crust by 420 seafloor spreading (no Eocene forearc basement has been recovered from the SEMFR); iv) 421 (Fig. 7C, D) . They also have similar P-430 T conditions of magma genesis, demonstrating that they formed by adiabatic decompression of 431 BAB-like mantle metasomatized by slab-derived fluids. These observations raise a fundamental 432 question: were SEMFR lavas produced by seafloor spreading in the backarc basin or in the 433 forearc? The southernmost Mariana convergent margin has reorganized rapidly since its collision 434 with the Caroline Ridge, suggesting that SEMFR lavas were produced by different geological 435 settings that what exists today. From the location of SEMFR adjacent to the trench, it is clear that 436 these lavas formed in the forearc. We propose a geodynamic model for the southernmost Marianaarc, in which SEMFR formed to accommodate opening of the southernmost Mariana Trough 438 (Fig. 9A, B and Fig. 10A-C) . Rupturing the forearc lithosphere allowed asthenospheric mantle to 439 flow into the forearc and to melt by adiabatic decompression under hydrous conditions 2.7 -3.7 440 Ma ago; and origin of SEMFR mantle (i.e. from the backarc basin, the arc or a slab window) is 441 still under investigation. Some SEMFR melts picked up fragments of pre-existing forearc mantle 442 during ascent, demonstrating that SEMFR lavas formed long after subduction initiation. Post-443 magmatic activity (< 2.7 Ma ago) shapes the S. Mariana forearc lithosphere (Fig. 9C) and formed 444 the NNW-SSE trending rifts of SEMFR, as we know it today (Fig. 9D and Fig. 10D) . 445 446 Tables   695   Table 1 The red box highlights the area of 
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